The experimental stages of converting solar energy into electrical energy in Photovoltaic and Thermoelectric Generator (PV-TEG) hybrid takes a long time. Mathematical modeling is an approach to find out the initial data before conducting experiments leading to minimized design errors, time and budget. The mathematical model is created to analyze the performance of a PV-TEG hybrid module. Modeling is performed as an electrical circuit equivalent to Kirchoff's Current Law (KCL) by deriving several equations corresponding to the characteristics of each module. Type of PV is amorphous Silicon (a-Si), while TEG is Bismuth Telluride (Bi2Te3). The AM1.5D standard solar spectrum is split its wavelength using hot mirror, where the wavelengths of 400-690 nm are transmitted to PV and 690-1150 nm are reflected to TEG. All of the PV-TEG hybrid parameters, for example intensity, temperature, and material property are obtained from the specification data of each module. As a result, the maximum total power is 0.1710 W with 5.1% of its efficiency.
Introduction
Solar energy is a renewable energy source that continues to be developed to meet future energy needs. The light and thermal produced by the solar energy can be used for daily living needs. Photovoltaics (PV) and thermoelectric generator (TEG) are devices whose utilization have been developed to convert light and heat into electrical energy. PV can absorb up to 80% of solar radiation, but not all can be converted into electrical energy, partly are discharged into waste heat which can increase the temperature of the cell and ultimately cause a decrease in efficiency [1] . Waste heat which is wasted due to increasing temperature can be utilized by using a thermoelectric [2] . TEG is a power generating device that converts heat energy into electrical energy due to temperature differences between the hot side and the cold side [3] . The development of research combining stacked PV-TEG integration has been done experimentally to observe the maximum work of PV and TEG [4] [5] [6] , and simulations with mathematical modeling with the help of Matlab/simulink and experiments carried out by Babu and Ponnambalam [7] .
While research with hybrid PV-TEG mathematical modeling that splits the light spectrum is still rarely conducted. Actually the basic idea about spectrum splitting was already introduced by Tritt et al. [8] in a bulletin, the study was expanded by Kraemer et al. [9] by varying PV in 3 types of solar cells (a-Si: H, mc-Si; H and polymer) and 1 type of TEG. Unfortunately, the radiation source that came AM1.5G was not concentrated before reaching the spectrum splitter and the type of splitter itself was not written on the specification of its light transmission power, as done Ju et al. [10] . Experimented in closed spaces, the latest research on PV-TEG hybrid using Hot mirror spectrum splitter has been carried out by Mustofa et al. [11] which utilizes artificial light spectrum radiation sources known as artificial sun, namely Xenon, Halogen and Incandescent bulbs whose lights concentrated with Fresnel lenses before reaching the splitter (Hot mirror). The concentrated light is divided according to its wavelength in order to adjust to the needs of the PV module and TEG. However, the results only described radiant heat and wavelengths of lights, while inputs from radiation and wavelengths did not describe the characteristics of each PV and TEG. *Corresponding author. Tel.: +62-813-4107-4257
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Mathematical modeling has been made to see the characteristics of PV [12, 13] and TEG has been carried out by Rukdq et al. [14] , by inserting the required input parameters. Therefore, in this paper the author conducts modeling by combining the PV mathematical model and TEG which describe the characteristics of each module. The used radiation source is a standard spectrum AM1.5D (GSTM1730) with 1 Sun. The radiation that comes is focused by using Fresnel lens and then split by hot mirror. Radiation spectrum wavelengths are adjusted according to the needs of PV and TEG modules, amorphous Silicon; (a-Si) and Bismuth Telluride (Bi2Te3), respectively. Figure 1 shows the data measured by the solar spectrum at STC (standard test condition). AM0 is red color (ASTM E490), AM1.5 Global blue color (ASTMG173) and AM1.5Direct is green color (ASTMG173) [15] .
Spectrum AM1.5D (GSTM1730)
The AM1.5 Global (ASTMG173) spectrum is a spectrum designed for flat plate modules and has an integrated power of 1000 W/m 2 . AM1.5 Direct (ASTMG173) is a spectrum designed for solar concentrators, with additional circumference and has an integrated power of 900 W/m 2 . AM0 (ASTM E490) is a standard spectrum for aerospace applications with integrated power of 1366.1 W/m 2 [15] .
The total power density emitted from the light source can be calculated by integrating spectral irradiation into all wavelengths or energies expressed in equation [16] :
Where is the total power density emitted from the light source in Wm -2 , ( ) is spectral radiation in units of Wm -2 μm -1 and is the wavelength with units of nm. 
Model of PV
The electrical circuit used to model the PV module is illustrated as shown in Fig. 2 below. The use of the equivalent KCL list (Kirchoff's Curent Law) makes it possible to create characteristic models of PV. The ideal PV cell model is a circuit model that ignores the presence of obstacles in the device, so that current flows only through ideal diodes as shown in Fig. 2 [13] .
It can be seen that the ideal PV cell series model can be expressed in equation [13] :
where Ipv is the PV output current, Iph is the current of the photon that is generated and Is is the diode current. While the real PV cell model one diode is done by adding obstacles to the circuit. The obstacles applied to the circuit are divided into two obstacles, namely series and parallel barriers as shown in Fig. 3 [13] .
The equation of the voltage current meets in Fig. 3 . which represents an equivalent circuit according to Kirchoff's law and expressed as [13] : pv ph s rs
Irs is the current on the added obstacle. The current of the generated photon is expressed by equation [12] :
Isc is short circuit current, Ki is current conductivity, T is PV temperature, G is irradiation, T0 and G0 are temperature and irradiation at STC (Standard test Condition) based on international standard IEC (International Electrotecnical Commission). T0 = 25 ⁰C Figure 1 . AM1.5 Global Sun Spectrum Measurement (ASTMG173), AM1.5 Direct (ASTMG173) and AM0 (ASTM E490) [15] and G0 = 1000 W/m 2 . The resistance current is expressed in the equation [12] :
Iscr is a standard short current current, Voc is an open circuit voltage, q is an electron charge (1.602 x 10 -19 C), Ns is the number of series cells in a PV module, k is a Boltzman constant (1.38 x 10 -23 J), A is a factor ideal diode. While the diode current is expressed as [12] :
E gp is the band gap energy, so equation (2) 
Rs is the series resistance and Rh is a parallel resistance. The parameters A, Iph, Id, Rs, Rh, are called PV cell internal parameters. The PV module consists of PV cells that are connected and can be arranged in series, parallel and combination.
Input power due to irradiation from light sources can be calculated by the following equation [13] :
Apv is the surface area of a PV module. To evaluate the quality of PV cells in the filling factor with the equation [13] :
I MP is the current at maximum power, V MP voltage at maximum power. While the maximum efficiency of PV is expressed as an equation [13] :
In general, the characteristics of PV can be seen in the I-V current and voltage curves, using the maximum power I-V curve can be determined at the maximum power point and voltage at the maximum power point. As shown in Fig. 4 . The red I-V curve and the blue P-V curve [17] . 
Where α is the Seebeck coefficient, R is the internal resistance, K is thermal conductivity. While for the calculation of voltage current is expressed as [14] :
Where Voc is the open circuit voltage, α is the Seebeck coefficient of semiconductor material and ∆T is the temperature between the hot side and the cold side of TEG. The currents generated from TEG are expressed as equations [14] : 
So that the power that can be generated by TEG [14] : TEG TEG TEG P V I = (15) Efficiency can be calculated by equation [14] :
PV-TEG Performance
The types of devices used are commercial amorphous silicon (a-Si) PV [19] , TEG type Bismuth Telluride (Bi2Te3) [20] and hot mirror 40x40 mm from Edmund optic, where the specifications are shown in Table 1 -3. Furthermore, the schematic calculation of the PV-TEG hybrid can be seen in Fig. 6 .
For determining PV-TEG hybrid output power can be referred to Babu and P. Ponnambalam [7] as follows:
Where PPV is the output power of PV and PTEG is the output power of TEG, while its efficiency is:
Where ηPV and ηTEG are the efficiency of PV and TEG module, respectively. Figure 6 shows the scheme and stages of PV-TEG hybrid mathematical modeling calculations. Power output and overall efficiency are the sum of PV output with TEG output. Figure 7 shows the results of the AM1.5D data spectrum calculation (ASTMG173) after illuminating the hot mirror. The solar spectrum transmitted in the form of visible (Vis) and ultraviolet (UV) lights to PV is = 362.93 W/m 2 (at 400-690 nm) and reflected in the form of near-infrared (Nir) and infrared (IR) spectrums to TEG are = 311.62 W/m 2 (at 690-1150 nm). PV in the form of photons with low temperatures needs Vis and UV, while TEG needs NIR or IR in the form of thermal at high temperatures. 
Result and Discussion
The calculation results of the hybrid PV-TEG mathematical model based on equation (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) using the initial parameters of the specification data in Table 1-3 which can be seen in Figs. 8 and 9 in the form of I-V and P-V curves. Figure 8 shows the calculation results on the I-V curve in the PV module. The power transmitted from the hot mirror to PV is used as input to the irradiation value (G) = 362.93 W/m 2 , resulting in a value of Isc = 0.019 A and Voc = 1.952 V. Figure 9 shows the results of calculations on the P-V curve in the PV module. The power value is obtained by multiplying the voltage and current values. While constant values include: Boltzman constant (k) = 1.38 x 10 -23 , Electron charge (q) =1.602 x 10 -19 , ideality factor diode (A) = 1, Energy gap Egp) = 1.5, Temperature (T) = 25 o C and produce IMP = 0.015 A, VMP = 1.394 V and PMP = 0.021 W. While the efficiency produced is 3.6%. This result can also illustrate that the output value and efficiency of PV cells are very dependent on the value of the intensity and temperature given. Figure 10 shows the calculation results on the I-V curve in the TEG module. The magnitude reflected from the hot mirror to TEG 311.62 W m 2 is assumed to provide thermal with a maximum value of ∆T of 30 o C. Under conditions of T H = 60 o C, T C = 30 o C, R TEG = 3.7Ω and RLOAD = 1-10Ω, produce Isc = 0.404 A and Voc = 0.967 V. Figure 11 displays the results of calculations on the I-P curve. The maximum power value is obtained by multiplying the voltage and current values in the quadratic function. Resulting in the value IMP = 0.202 A, VMP = 0.073 V dan PMP = 0.098 W. While the efficiency produced is 1.502 %. The characteristics of TEG as a power plant have quite important parameters that determine output power and efficiency including temperature differences between hot and cold sides, voltage and load [7] . The total output power and efficiency of Hybrid PV-TEG is the sum of the total power and efficiency produced by PV and TEG by Phybrid = 0.1710 W and ηhybrid = 5.1 %.
Conclusion
The new mathematical modeling that characterizes PV-TEG hybrid using wavelength spectrum splitter of a hot mirror is presented. From the modeling results produce PV values; IMP = 0.015 A, VMP = 1.394 V and PMP = 0.021 W and values at TEG IMP = 0.202 A, VMP = 0.073 V dan PMP = 0.098 W. Total maximum power generated is 0.1710 W with an efficiency of 5.1%. The power output and efficiency of the hybrid PV are greatly influenced by irradiation and the temporal temperature in TEG is only influenced by differences in hot side temperature and cold side. The magnitude of the AM1.5 D spectrum that can be utilized with the use of hot mirrors is only 674.55 W/m 2 at wavelengths of 400-690 (visible light and UV) and 690-1150 (NIR and IR). The total total power is 900 W/m 2 and is 225.45 W/m 2 wasted environment. The choice of construction and material both PV and TEG needs to be considered because it influences internal factors such as material resistivity and thermal conductivity. This modeling still needs to be developed with other types of PV and TEG material to see the best ratio of output power and efficiency.
